Safety concerns related to hematopoietic stem cell gene transfer using retroviral vectors.
Endogenous retroviruses have developed efficient methods during their life cycle for stable integration into the host genome. Because of this ability, retroviral vectors were designed with the goal of gene transfer into hematopoietic stem cells (HSCs). The ability to genetically modify HSCs provides a vehicle for durable expression of potentially therapeutic transgenes in all lineages of mature blood cells for the lifetime of the patient. Combined with bone marrow transplant, retroviral gene transfer has many potential applications for a wide range of blood diseases. Advances in the development of oncoretroviral vectors based on murine leukemia viruses (MLV) and more recent development of human immunodeficiency virus (HIV)-based vectors have greatly increased the gene transfer efficiency. Optimization of methods for gene transfer using MLV-based vectors has substantially improved marking levels in mice, with lower levels in large animals and in human clinical trials. With advances in gene transfer technology has also come renewed concern about insertional mutagenesis and activation of oncogenes. Advanced techniques for integration site analysis combined with sequence comparison using mouse and human genome databases has now made it possible to begin to understand the spectrum of possible integration sites for both MLV- and HIV-based vectors. Furthermore, other studies have shown positive and negative dosage-dependent effects of transgene expression in mouse and human cells. Therefore, vector design and safety testing are at the forefront of the field of gene therapy and this review discusses recent developments.